We have previously found evidence of intramolecular lactonization in rat liver microsomal metabolism of isoline, a 12-O-acetylated pyrrolizidine alkaloid. In this study, the metabolism of another 12-O-acetylated pyrrolizidine alkaloid, acetylduciformine, by the proposed transformation pathway was investigated under the same incubation conditions. Two deacetylated metabolites from acetylduciformine were isolated and purified by chromatographic methods, and further characterized based on their physical properties and spectral data. One metabolite (lankongensisine A) was the lactone of another one (duciformine). Both compounds were first obtained as hydrolyzed metabolites from acetylduciformine by rat liver microsomes. More importantly, the present study provided further evidence for the intramolecular lactonization in the microsomal metabolism of 12-O-acetylated retronecine-type PAs.
Pyrrolizidine alkaloids (PAs) are well-known, naturally-occurring phytotoxins found in many traditional Chinese herbal medicines [1a,1b] . Toxic PAs were usually those esterified with 1,2-unsaturated necines, which could be further classified into retronecine and otonecine types [1c,1d] . The acetylated PAs may have a strong implication in their in vivo toxicities due to their higher lipophilicity and better absorption than those without acetyl substitution [1b-1d] . Isoline is such a representative acetyl-containing retronecine-type PA that could be rapidly biotransformed by rodent liver microsomal esterase(s) to two deacetylated metabolites, bisline and bisline lactone [1d,2a] . Interestingly, there were always some structurally similar PAs co-existing in the same plant sources, for example, acetylduciformine was isolated from Ligularia duciformis (C.Winkl) Hand.-Mazz together with isoline, while the former had the same acetyl substituent and S-configuration at C-12 as isoline, but was in much less content and more lipophilic, as shown by TLC, . In this report, in vitro metabolism of acetylduciformine was investigated simultaneously with isoline by rat liver microsomes and two deacetylated metabolites (M-1) and (M-2) were isolated and identified by MS and NMR analyses. The results showed further evidence for intramolecular lactonization in rat liver microsomal metabolism of 12-O-acetylated pyrrolizidine alkaloids.
M-1, the major metabolite, showed a molecular ion peak [M] + at m/z 337 in the EIMS, 42 mass units less than that of acetylduciformine, suggesting that M-1 was a deacetylated product. The 1 H and 13 C NMR spectra showed a loss of a single signal at δ 2.02 for acetyl-methyl protons and the correlated acetyl-carbonyl signal at δ 169.7, providing further evidence in support of the above suggestion. By comparison with the literature spectral data [2d], M-1 was identified as duciformine (Figure 1 ). M-2 showed a quasi-molecular ion peak [M+H] + at m/z 338 in the positive ESI-MS, suggesting a similar structure to M-1. In the 1 H NMR spectrum, the ΔH-9 value was about 0.12, much less than that of M-1 (1.22), and the H-7 signal was assigned at δ 4.28, which assignments were further testified by HMQC experiment. Similar to the structure of bisline lactone, the presence of a free and hydroxylated C-7 could be proposed [2a,3] . Moreover, in the 13 C NMR spectrum, there was a significant downfield shift shown for C-12 (δ 86.7) from that of M-1 (δ 78.6), and the 1 H and 13 C signals for the 18-methyl group significantly shifted downfield by 0.44 and 6.9, respectively. This evidence suggested that the lactone was formed between the hydroxyl group at C-12 and the carbonyl group at C-15 in the necic acid moiety. Furthermore, both 1 H and 13 C NMR data of M-2 were basically identical with those reported for lankongensisine A, which was previously isolated from Ligularia lankongensis [4] . It has to be mentioned that under the established incubation conditions [1d], the biotransformation of PA substrate was predominantly mediated by esterase(s) and no metabolites from either acetylduciformine or isoline could be found under these conditions without microsomes. The structural features of the two metabolites of acetylduciformine also indicated that both might be generated by hepatic microsomal esterase(s), which were found to be responsible for the formation of two deaceylated metabolites (bisline and bisline lactone) of isoline [1d]. Isoline was the major substrate in the incubation mixture, but its metabolism was distinct from that of acetylduciformine. In TLC, the Rf values (0.65 and 0.36) for bisline and bisline lactone were less than those of M-1 and M-2 (0.71 and 0.50), respectively, which met the structural differences between isoline and acetylduciformine. This evidence showed that esterase hydrolysis in rat liver microsomes might also be one of the major metabolic pathways for the disposition and detoxification of acetylduciformine. It was also of note that both M-1 and M-2 were the deacetylated metabolites of acetylduciformine, in which M-2 was the lactone of M-1. As an attempt to understand whether it was a common rule for other types of PAs with acetyl group, clivorine, an otonecine-type PA with a similar 12-O-acetyl substituent, was used as a substrate for incubation under the same condition and its metabolites were detected by HPLC/MS. However, the result was different in that only a ring-opened monoester metabolite, as well as its further hydrolyzed metabolites (for example, otonecine) were found (data not shown here). These results suggested that the intramolecular lactonization after microsomal esterase-mediated hydrolysis might be specific for the 12-O-acetylated retronecine-type PAs. Nonetheless, further studies would be warranted for this specificity by using more PAs with a similar 12-O-acetylation structure. MP, Yanagimoto micro hot-stage melting point apparatus; UV, Shimadzu UV-2200 spectrophotometer; IR, FT-IR-230 infrared spectrometer; Optical rotation, DIP-360 automatic polarimeter; NMR, JNMLA 400WB Lambda NMR spectrometer; EI-MS, JEOL JMS-GC mass spectrometer. Preparative TLC (PTLC) was performed on silica gel 60 F254 plates (0.5 mm, 20 cm × 20 cm, Merck Co., Germany).
NPC Natural Product Communications

Experimental
Preparation of rat liver microsomes and incubation conditions:
Male Sprague-Dawley rats (240-280 g) were purchased from SLC Co. (Hamamatsu, Japan). The animal experiments proceeded in accordance with the Guidelines of the Animal Care and Use Committee of the University of Toyama approved by the Japanese Association of Laboratory Animal Care. Rat liver microsomes were prepared by the previously described method [1d] .
Isolation of metabolites of acetylduciformine:
For the purpose of preparing enough of the metabolites of acetylduciformine, a scaledup incubation (200 mL) containing about 80 mg of mixed alkaloids was conducted; the resultant incubation mixture was extracted and separated as in the previously reported method for isoline [1d,2a] . Briefly, the resultant incubate was immediately extracted with 3 volumes of methanol and centrifuged at 10, 000 g at 4°C for 15 min. The supernatant was concentrated to a small volume in vacuo and subjected to a Diaion HP-20 column. The 70% methanol fraction was subjected to a silica gel column, which was eluted with chloroform: methanol: 25% ammonia solution (19:1:0.1 to 8:2:0.1, v/v). Fraction 2 showed two major and close spots by TLC examination, and was thus further processed by PTLC (chloroform: methanol: 25% ammonia solution, 3:1:0.1, v/v) to yield colorless crystals, M-1 (about 3.5 mg, 44%), and bisline (a metabolite of isoline), respectively. Fractions 6 to 11 were pooled and subjected to PTLC (same condition as shown above) and RP-18 chromatography (50 mm × 11 mm, eluted with 60% methanol) to yield an oily compound, M-2 (less than 1 mg, 12%). Fractions 13 to 21 were combined and re-crystallized to give bisline lactone (another metabolite of isoline). 
M-1 (Duciformine
